Thyroid storm is a potentially fatal manifestation of thyrotoxicosis. Cardiopulmonary failure is the most common cause of death in thyroid storm. Clinicians should keep in mind that thyroid storm complicated with cardiopulmonary failure can be the first presentation of thyrotoxicosis. As early intervention is associated with improved patient outcome, prompt diagnosis based on clinical grounds is of paramount importance in the management of thyrotoxicosis. A high index of suspicion and the ability of early recognition of impending thyroid storm depends on a thorough knowledge of both the typical and atypical clinical features of this illness. Herein, we report a case of thyroid storm presenting as cardiopulmonary failure in a 51-year-old woman with undiagnosed Grave's disease. Additionally, we review the pathophysiology of cardiopulmonary failure associated with thyrotoxicosis and various treatment modalities for thyroid storm.
Introduction
Thyroid storm is a debilitating complication from thyrotoxicosis. Thyroid storm is a status of dangerously higher levels of metabolic rate in all systems of the body, due to overproduction of the thyroid hormones. Common symptoms and signs of thyroid storm include the following: a sudden soaring of body temperature, racing heart rate or atrial fibrillation, high blood pressure, vomiting, diarrhea, dehydration, and changes in mental status. Thyroid storm occurs in 1-2% of individuals with hyperthyroidism, with Grave's disease being the most common cause. Although Grave's disease mostly occurs in young female, it can be seen in any genders or age groups. Thyroid storm can happen in solitary toxic adenoma or toxic multinodular goiter; and rarely in thyrotropin-secreting pituitary adenoma, hypersecretory thyroid carcinoma, struma ovarii/teratoma, human chorionic gonadotropia-secreting hydatidiform mole [1] . It can also be seen in thyrotoxicosis induced by α-interferon or interleukin-2. Thyroid storm can be triggered by a number of other conditions including congestive heart failure, heart attack, pulmonary embolism, stroke, diabetic ketoacidosis, trauma, surgery, parturition, severe infection, and intense emotional distress. Thyroid storm may lead to failure of many organs including congestive heart failure. Being one of the most critical endocrine emergencies, thyroid storm is often fatal without immediate and aggressive management.
We present a case of thyroid storm presenting as cardiopulmonary failure in a patient with Grave's disease, where both anti-TPO and thyroid stimulating antibodies were detected [2] . The symptoms and signs our patient had corresponded well to the clinical picture of thyroid storm. This case underlines the importance of early recognition, immediate intensive and ongoing management.
Case Report
A 51-year-old African American female was sent to the emergency department for acute onset of severe respiratory distress. On admission, the vital signs are blood pressure 180/135 mm Hg, pulse 170 bpm, respiration rate 44/min, O 2 saturation 70% on room air, temperature 38.3°C. She was intubated immediately upon arrival because of respiratory failure. Patient was subsequently admitted to the intensive care unit for further management of possible severe status asthmaticus or congestive heart failure. Her past medical history was notable for asthma and hypertension. There was no known personal or family history of thyroid diseases. She reported chronic history of palpitations, anxiety, tremors, insomnia, and heat intolerance. She also complained of unintended body weight loss of 100 lbs over last 3 years. Patient noticed gradual changes in her eyes, but no pain or tenderness in the neck. She denied ingestion of iodine, kelp or seaweed. Patient did not seek medical assistance for those symptoms.
Physical examination revealed exophthalmos of right eye, goiter, tachycardia, and hand tremors. Laboratory test revealed hypercapnic respiratory failure (Table 1) , mildly elevated troponin I levels (Table 2) , markedly suppressed thyroid-stimulating hormone (TSH) and elevated T3 and T4 levels (Table  3) . EKG on admission showed sinus tachycardia, left atrial abnormality (Fig. 1) . Chest X-ray demonstrated extensive bilateral airspace disease compatible with pulmonary edema and/or pneumonia (Fig. 2) . Echocardiogram showed left ventricular (LV) ejection fraction of 50%, normal LV size and thickness; mild to moderate mitral regurgitation with an eccentric jet, thickened mitral valve, mild tricuspid regurgitation; and aneurysmal atrial septum. Subsequent thyroid sonogram showed multinodular goiter with the largest nodule of 3.6 cm in isthmus (Fig. 3) . Thyroid scan/ UPTK (I 123 ) revealed marked increased uptake at 4 and 24 h, suggesting hyperthyroidism (Fig.  4) .
In addition to methylprednisolone given for asthma exacerbation, our patient was also started on treatment for non-ST segment elevation myocardial infarction with mildly elevated troponin I levels (Table 2) , including heparin drip, metoprolol, among others. Heparin drip was discontinued since the elevated troponin I level was most likely due to thyrotoxic cardiomyopathy. Patient was subsequently started on methimazole for thyrotoxicosis. The symptoms were well controlled and patient was subsequently discharged home on medical treatment for hyperthyroidism due to Grave's disease. Patient remained asymptomatic during a 2-year follow-up after discharge.
Discussion
Thyroid disease is a common illness affecting 9% to 15% of the adult. In adult population, thyroid disease affects women more often than men [3] . This gender difference can most likely be attributed to the underlying autoimmune mechanism for the vast majority of thyroid diseases, including Graves' and Hashimoto's disease [4] . However, this sex difference becomes less prominent with advancing ages, especially beyond the age of 80 [3] . Both hyperthyroidism and hypothyroidism cause derangement in heart and vasculature [5] . It is well known that hyperthyroidism induces tachycardia, enhances left ventricular systolic and diastolic function, and increases occurrence of supraventricular tachyarrhythmia, such as atrial fibrillation. On the other hand, hypothyroidism exerts largely opposite effects on cardiovascular system. However, it is worth mentioning that hypothyroidism predisposes patients to systemic hypertension [5, 6] and ventricular tachycardia [7] .
Thyrotoxicosis refers to the clinical syndrome of hyper- A-a gradient 328.7 Nai et al J Clin Med Res. 2018;10(4):351-357 metabolism due to excessive amount of circulating thyroid hormones [8] . Thyrotoxicosis can result from the destruction of thyroid follicles and thyrocytes as in thyroiditis, excessive exogenous thyroid hormone intake, or hyperthyroidism that is defined as inappropriate increase in the biosynthesis and secretion of thyroid hormones by thyroid glands [9] . Graves' disease is the most common form of thyrotoxicosis. Thyroid storm, also known as thyrotoxic crisis, is a rare acute hypermetabolic state resulting from excessive release of thyroid hormones. It mostly occurs in individuals with untreated or undertreated thyrotoxicosis. Thyroid storm can be precipitated by trauma, surgery, or infection. Common symptoms and signs of thyroid storm include hyperthermia, tachycardia, hypertension, nausea, vomiting, tremulousness, agitation, and psychosis. Thyroid storm also can cause stupor or coma. Congestive heart failure may occur and lead to hypotension and shock [10] . Thyroid storm is almost always fatal without proper treatment. Cardiopulmonary failure is the most common cause of death in thyroid storm, particularly in elderly patients [11] . Fortunately, owing to the advance of diagnosis and therapeutic strategies, the mortality of this disorder has dropped from nearly 100% to 10% [12] . However, since laboratory confirmation is often delayed, thyroid storm must be diagnosed promptly on clinical grounds to allow expeditious provision of life-saving treatment. Therefore, a high index of suspicion and the ability of early diagnosis of impending thyroid storm is critical, which are in turn dependent on a thorough knowledge of both the typical and atypical clinical features of this illness.
A point system has been proposed to standardize the definition of thyroid storm. The point system consists of parameters of thermoregulatory, central nervous system, gastrointestinalhepatic, cardiovascular dysfunction (tachycardia, congestive heart failure, atrial fibrillation), and previous history of thyroid storm. A score of 45 or greater is highly suggestive of thyroid storm. However, in practice, it would be prudent to start aggressive and immediate management as soon as impending thyroid storm is suspected. According to the thyroid storm diagnosis point system (≥ 45 for thyroid storm), the score of our patient is at least 75, confirming the diagnosis of thyroid storm [12] .
In our case, an acute cardiorespiratory failure was closely associated with the thyroid storm resulting from an undiagnosed Graves' disease. The cardiopulmonary failure in thyroid storm might be attributed to several possible etiologies associated with thyroid storm: 1) respiratory muscle failure, 2) cardiac failure, and 3) hypokalemia.
Thyroid storm and respiratory muscle failure
The presenting symptoms of hypercapnia and rapid improvement of symptoms after intubation make it plausible that respiratory muscle fatigue and failure is involved in our case. Neurological or non-neurological causes may be involved. Among the possible non-neurological causes, increased work of breathing and acidosis are very likely involved in an asthmatic patient. The preexisting asthma not only decreases the compensatory capacity of the respiratory system, but also the associated hyperpneic status may compromise the respiratory muscles and subsequently respiratory muscle fatigue. Otherwise, muscle mass can be reduced by approximately 20% and muscle strength by approximately 40% in patients with thyrotoxicosis [13] . Both inspiratory and expiratory muscles are affected by thyrotoxicosis [14] . Significant functional weakness of diaphragm muscle has been demonstrated in active Graves' disease. Interestingly, this weakness is more prominent during maximal respiratory efforts, implying a diminished diaphragmatic reserve [15] . Severe involvement of the respiratory muscles may cause respiratory failure [16] , and fatigue of the inspiratory muscles by itself may leads to acute respiratory acidosis, this may result in a vicious cycle. Inspiratory muscle fatigue and failure requires mechanical ventilation to put these muscles to rest [17] . Thyrotoxic myopathy in Graves' disease is possibly another important factor contributing to muscle fatigue and failure in our case [18] . Thyroid myopathy may manifest as respiratory failure. Hyperthyroidism likely causes damage to the motor end plates from pre-or postsynaptic side of the motor end plate, or a combination [19, 20] . Polymyositis has been reported in one patient of Grave's disease [18] . Rhabdomyolysis can also occur in thyrotoxicosis [21] , however the normal creatine phosphokinase (CK) levels in our patient argued against the degeneration of muscle that is characteristic of myopathy (Table 2) .
Other non-neurological factors that are related to respiratory muscle failure include deficiency of potassium, magnesium, and inorganic phosphorus, mechanical disadvantage, impaired nutritional status, shock, and hypoxemia [17] . Those were less likely the contributing factors in our case. Furthermore, although we cannot completely exclude other neurological etiologies, the transient feature in our case and the absence of prior history of neurological diseases make them less likely the underlying mechanisms. Occasionally thyrotoxic periodic paralysis (TPP) may cause respiratory failure. TPP is characterized by acute onset of severe hypokalemia resulting from an increased Na/K-ATPase activity [22] , and profound proximal muscle weakness in patients with thyrotoxicosis. Hypophosphatemia and mild hypomagnesemia are additional characteristic features [23] . TPP occurs more frequently in Asian population [24] . This is unlikely related to the symptoms in our patient, since there was no periodic paralysis or hypokalemia on admission. 
Thyroid storm and cardiovascular system
Most patients with thyrotoxicosis develop cardiovascular manifestations, which are also the most severe complications of this condition [24, 25] . The hyperdynamic state of cardiovascular system is the most recognizable manifestation, featuring increased resting heart rate, enhanced left ventricular contractility and blood volume, but decreased systemic vascular resistance [26, 27] . There are two clinical observations related to cardiovascular system in thyrotoxicosis, the more frequent one is reduced exercise tolerance [28, 29] ; another one, although rarely, is the severe symptomatic congestive heart failure in thyrotoxicosis [29, 30] through a tachycardia-mediated mechanism [5, 27, 30] . Heart failure develops in 6%, but dilated cardiomyopathy with impaired left ventricular systolic function in less than 1% of thyrotoxic individuals. An increased level of cytosolic calcium during diastole with impaired ventricular contractility and diastolic dysfunction was likely involved. An often associated symptom is tricuspid regurgitation [27] . The impaired cardiac contractility and low cardiac output mostly occur in patients with preexisting heart diseases [31] . Not surprisingly, the sustained sinus tachycardia or atrial fibrillation can further impair the systolic function in thyrotoxicosis [32] . Another cardiovascular change in thyrotoxicosis is the isolated right-sided heart failure secondary to pulmonary artery hypertension [27] . Heart failure on both sides is reversible if the underlying thyrotoxicosis is recognized and treated early [33, 34] . Control of heart rate can improve or completely resolve the cardiomyopathy in tachycardia-induced heart failure [35] , which is evinced again by the rapid improvement of the pulmonary congestion in our case (Fig. 2) . It is worth noting that, as in our case a small increase in troponin in thyroid storm may not necessarily be due to atherosclerotic coronary artery disease, but a result of tachycardia [36] , coronary artery spasm [37] , Takotsubo cardiomyopathy [38, 39] .
Hyperparathyroidism also occurred in reported case (Table 2). The coexistence of hyperthyroidism and hyperparathyroidism is rare and the hyperparathyroidism in some cases is likely a secondary disease [40] . However, it has been suggested that parathyroidism must be excluded, and surgical exploration is required if hypercalcemia persists after achievement of euthyroidism [41] .
Management of thyroid storm
Medical treatment of thyroid storm may follow these principles: 1) supportive care and management of systemic complications, such as cardiorespiratory failure, and controlling precipitating factors, 2) control the peripheral effects of thyroid hormones, 3) inhibit synthesis and release of thyroid hormone.
Systemic decompensation may occur and supportive measures are required to stabilize the patients immediately, including intravenous fluids with dextrose, oxygen, ventilatory support, correction of electrolyte abnormalities, control of cardiac arrhythmia, aggressive management of hyperthermia using acetaminophen, or physical methods of cooling.
Antiadrenergic agents should be administrated immediately to minimize sympathomimetic symptoms. However, extreme caution should be taken in patients with decompensated systolic heart failure or other contraindications. Non-selective beta blockers were found to have more direct effect on hypermetabolism and are preferred in the treatment of thyrotoxicosis. Propranolol is widely used for prompt relief of sympathetic symptoms, including tremor, tachycardia, heat intolerance, and anxiety. The dose of propranolol can be started from 10 -20 mg every 6 h, and can be adjusted up to 80 -320 mg/ day to achieve sufficient symptom control. Other longer-acting beta blockers such as atenolol may be preferred for their more convenient dosage. If beta blockers are not tolerated, calcium channel blockers such as diltiazem are an alternative for heart rate control [42, 43] .
Thionamides such as propylthiouracil (PTU) or methimazole should also be administrated promptly. These medications start to block thyroid hormone synthesis within 1 to 2 h. In addition to inhibition of thyroid hormone synthesis, PTU also decreases T4 to T3 conversion.
Iodine compounds can block the release of thyroid hormones from thyroid glands within hours. Since administrated iodine can be used for synthesis of new thyroid hormones, such iodine-containing solutions should be given at least 1 h after thionamide administration. Glucocorticoids, such as hydrocortisone or dexamethasone not only decrease peripheral conversion of T4 to T3, but also help prevent adrenal insufficiency due to severe thyrotoxicosis and improve vasomotor symptoms [44] . Bile acid sequestrants can reduce thyroid hormones by interfering with the enterohepatic circulation and increasing their fecal excretion. Cholestyramine is a safe and effective agent for adjunctive therapy of thyrotoxicosis [45] .
Clinical improvement is expected within 12 -24 h of medical treatment. Further treatment, including radioactive iodine or surgery, may be employed in late phases. Early thyroidectomy is the treatment of choice if medical therapy fails, or in patients who cannot take thionamides. Preparation for thyroidectomy includes about 1-week supportive treatment of thyrotoxicosis, which often consists of beta blockers, iodine compounds, glucocorticoids, and bile acid sequestrants. Plasmapheresis may be used as supportive therapy in preparation for thyroidectomy if the traditional measures are ineffective [11, [46] [47] [48] .
Conclusions
Thyroid storm complicated with cardiopulmonary failure can be the initial presentation of undiagnosed thyrotoxicosis. As cardiopulmonary failure is the most common cause of death in thyroid storm, prompt diagnosis and treatment is critical in the survival of patients. In addition to the medical treatment to control the sympathomimetic symptoms and inhibit synthesis and release of thyroid hormones, as well as supportive measures for systemic decompensation, the precipitating factors of thyroid storm should be searched and corrected. Radioactive iodine or surgery can be used as definitive treatment for patients with Graves' disease, toxic multinodular goiter, or toxic adenoma.
